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Abstract

Temporomandibular joint disorders (TMD) are common dysfunctions of the masticatory region and are often

linked to dislocation or changes of the temporomandibular joint (TMJ) disc. Magnetic resonance imaging (MRI)

is the gold standard for TMJ imaging but standard clinical sequences do not deliver a sufficient resolution and

contrast for the creation of detailed meshes of the TMJ disc. Additionally, bony structures cannot be captured

appropriately using standard MRI sequences due to their low signal intensity. The objective of this study was to

enable researchers to create high resolution representations of all structures of the TMJ and consequently

investigate morphological as well as positional changes of the masticatory system. To create meshes of the

bony structures, a single computed tomography (CT) scan was acquired. In addition, a high-resolution MRI

sequence was produced, which is used to collect the thickness and position change of the disc for various static

postures using bite blocks. Changes in thickness of the TMJ disc as well as disc translation were measured. The

newly developed workflow successfully allows researchers to create high resolution models of all structures of

the TMJ for various static positions, enabling the investigation of TMJ disc translation and deformation. Discs

were thinnest in the lateral part and moved mainly anteriorly and slightly medially. The procedure offers the

most comprehensive picture of disc positioning and thickness changes reported to date. The presented data can

be used for the development of a biomechanical computer model of TMJ anatomy and to investigate dynamic

and static loads on the components of the system, which could be useful for the prediction of TMD onset.

Key words: magnetic resonance imaging; temporomandibular joint; temporomandibular joint disc;

temporomandibular joint morphology.

Introduction

The masticatory system is a highly active part of the human

body used regularly for tasks such as speaking, chewing

and drinking. There is a variety of problems that lead to

dysfunction or pain of the temporomandibular joint (TMJ)

and muscles. These disorders are collectively named

temporomandibular disorders (TMD; Schiffman et al. 2014)

and affect approximately 20% of the population (Solberg

et al. 1979). Loss of function or pain of the jaw region can

lead to severe impairments concerning the above-men-

tioned primary functions (Agerberg & Carlsson, 1972).

The etiology of TMD is not completely understood. A

main focus of TMD research is TMJ disc displacement,

because it is one of the most common arthropathies of the

masticatory system (Ingawale & Goswami, 2009) and can

lead to degenerative changes of the disc and its surround-

ing hard tissues (Wilkes, 1989; Chase et al. 1995). Moreover,

the TMJ disc plays an important role for lubrication and

load distribution in the joint (Koolstra et al. 2007; Tanaka &

Koolstra, 2008; Koolstra & Tanaka, 2009; Nickel et al. 2009;

Stankovic et al. 2013). Biomechanical analysis of TMJ disc

displacement, however, is challenging due to the
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complexity of the region’s anatomy and consequently the

complexity of its biomechanics. The masticatory region is

the only human movement system that uses a combination

of two separate joints to articulate a single bone, the mand-

ible. Mandibular movement involves both rotation and

translation in six degrees-of-freedom and the dynamic artic-

ular discs permit a wide range of movements (Ide & Naka-

zawa, 1991; Drake et al. 2014). Moreover, acquisition of

muscle activation patterns with electromyography is diffi-

cult because a large number of jaw muscles are partly over-

lapping each other in the small facial area (Castroflorio

et al. 2008). The combination of mechanical and anatomical

complexity as well as the lack of proper measurement

devices make the in vivo investigation of masticatory kine-

matics and kinetics very challenging. This motivates the

need for detailed imaging studies of the TMJ disc in context

with surrounding joint structures and over the full range of

jaw motion.

For imaging of bony structures, computed tomography

(CT) can be considered the gold standard. Unfortunately, CT

is not viable for the detailed investigation of the cartilagi-

nous structures of the TMJ, due to the low soft tissue contrast

(Pahwa et al. 2015). On the other hand, magnetic resonance

imaging (MRI) is better suited for soft-tissue imaging and has

proven to be a useful approach for clinical TMJ disc investiga-

tion (Ahmad et al. 2009). Nevertheless, resolution and con-

trast of standard MRI sequences used for the TMJ are not

sufficient to reliably segment the disc or quantify disc posi-

tion (Larheim, 2005; Stehling et al. 2007). Furthermore, scans

are commonly acquired using somewhat high inter-slice

spacing and mostly focus on sagittal images (Ahmad et al.

2009; Petersson, 2010; Amaral et al. 2013; Bae et al. 2016).

Due to the rounded shape of the disc, a lot of information is

lost with higher slice thickness, especially for the medial and

lateral parts of the disc. Hence, MRI investigations of the disc

mainly focused on the central part, which is quasi perpendic-

ular to the sagittal imagingplane (Eberhard et al. 2002; Katz-

berg & Tallents, 2005). Although a significant link between

disc morphology and disc position has been reported previ-

ously (Amaral et al. 2013), correlation between clinical diag-

nosis and MRI findings is still an ongoing subject of debate

(Manfredini & Guarda-Nardini, 2008; Petersson, 2010; Park

et al. 2012; Galhardo et al. 2013; Wurm et al. 2018). Regard-

less, MRI continues to be the most promising tool for the

detailed, in vivo investigation of disc positioning as well as

shape.

Previous computational investigations of the TMJ during

functional movements have mainly focused on condylar

movement and TMJ joint space changes (Fushima et al.

2003; Palla et al. 2003; Gallo, 2005; Ettlin et al. 2008). These

studies used a combination of a jaw tracking system and

bone meshes, acquired from a closed mouth MRI, to investi-

gate the changes in condyle position and joint space. How-

ever, in joint space studies, the disc morphology is not

directly acquired for movements or different positions and

instead is inferred indirectly by the distance between the

bone surfaces. Therefore, it does not account for the actual

change in disc shape,whichmight bemore complicated than

depicted by the joint space. Some previous studies havemea-

sured disc morphology directly (Donzelli et al. 2004; Gallo,

2012) but they used a standard clinical MRI sequence (1.5

Tesla MRI; 0.5 mm resolution; 2 mm slice thickness), which

does not resolve the thin regions of the disc because infor-

mation is lost due to the large slice thickness of conventional

MRI sequences. Additionally, precise bone boundaries can-

not be acquired by sole use of MRI, and hence the combina-

tion of high-resolution joint MRI volumes with a modality

suited for bone imaging (e.g. CT) would even further

increase the quality of the obtained meshes. Al-Saleh et al.

(2017b) presented a workflow combining CBCT and MRI

images of the temporomandibular disc but did also not use a

high-resolution MRI sequence (1.5 Tesla MRI; 0.8 9 0.5/

0.6 9 0.5 mm resolution; 2–3 mm slice thickness), which

makes in vivo shape change investigations very difficult.

Additionally, their analysis of the TMJ focused on changes of

the joint before and after mandibulotomy, where bigger

changes of shape and position can be expected (Al-Saleh

et al. 2017a). Moreover, all studies that tried to investigate

the TMJ disc directly, only investigated the joint in closed

and open mouth positions, which does not capture the full

range of deformation and position change of the disc during

all functionalmovements of themandible.

The position and shape of the TMJ disc in different jaw

postures has not previously been measured in vivo. Under-

standing disc placement and morphology in relation to the

skull and condyle could provide insight into the mecha-

nisms underlying early stages of disc displacement, e.g. thin-

ner regions of the disc in different jaw postures are likely

related to regions of high compressive stress. In this study, a

novel imaging protocol that combines a high-resolution

MRI sequence for the TMJ disc with CT images of the sur-

rounding bone structures, in order to quantify disc mor-

phology in vivo, is proposed. Using this protocol, disc

morphology for five different jaw positions (closed, open,

protrusion, left laterotrusion, right laterotrusion) was ana-

lyzed to provide the most comprehensive picture of disc

positioning and thickness changes reported to date.

Material and methods

Data were acquired from one symptom-free volunteer. Ethics

approval was obtained from the institutional review board of the

Medical University of Vienna and written informed consent was

obtained. The normality of functional movements was assessed by

mandibular condyle tracings (Piehslinger et al. 1993a,b, 1994a,b,c).

To generate high resolution representations of the bony struc-

tures of the masticatory region, one closed-mouth CT (SiemensTM

Sensation 4) volume with an in-slice resolution of 0.3 9 0.3 mm

and a slice thickness of 0.5 mm was collected. To improve the qual-

ity of the dentition we performed optical scans (CeramillTM map

400) of plaster models (Gypsum Stone IV).
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MRI scans were performed on a SiemensTM Prisma 3T machine

using a 64-channel head coil (Table 1). To obtain overall spatial

information on muscles and the soft tissue structures, a full skull

MRI scan using a coronal Double Echo Steady State (DESS) sequence

was created, encompassing the head from the top to the shoulders

and from the corner of the eyes to around the posterior end of the

atlas. To enable disc segmentation, an additional Turbo Spin Echo

T1 sequence scan for both TMJs was performed. This approach

yielded volumes with an in-plane resolution of 0.17 mm and a slice

thickness of 1 mm. TMJ scans were performed in sagittal (T1 para-

sag) and coronal (T1 paracor) direction to diminish the loss of infor-

mation due to the disc’s rounded shape.

High resolution TMJ MRI scans were collected in five positions:

1 Closed mouth

2 Opened mouth

3 Right laterotrusion

4 Left laterotrusion

5 Protrusion

To ensure that the volunteer kept the position of the mandible

stable during MRI acquisition, silicone bite blocks were created. To

confirm the correct mandible position during bite block creation, a

jaw-tracking system (GammaTM Cadiax 4) was used and condylar

positions were recorded.

Registration of image volumes (MRI-MRI as well as CT-MRI) was

performed semi-automatically using normalized mutual informa-

tion and the conjugate gradient method (Fig. 1). CT segmentation

of bony structures was performed semi-automatically with minor

manual postprocessing. Dental surface scans were registered to the

respective CT bony structures using an iterative closest point (ICP)

registration in MESHMIXER (Autodesk, Inc.). Segmentation of the tem-

poromandibular discs was performed manually for sagittal and

coronal volumes by an expert specialized in TMD and TMJ-MRI.

Moreover, the mandibular condyles were segmented semi-automa-

tically from MRI data for all positions. Segmentation and registra-

tion were performed using AMIRA 3DTM.

In the interest of dose minimization, the CT images of the bony

structures were only collected in the closed-mouth position. The

segmented meshes then had to be translated and rotated to fit the

different positions collected for the joint. To achieve this, we used

the previously segmented condyles from the MRI as the target for

an ICP registration of the CT mandible. To control the position, we

scanned the bite blocks used during data acquisition with an optical

scanner to get 3D representations; these scanned blocks were fitted

between the model’s teeth using ICP.

Segmented meshes were imported into MESHMIXER for post pro-

cessing (e.g. filling holes, smoothing). A cartilage layer of 0.4 mm

was added to the condyle as well as the articular fossa (Hansson

et al. 1977). Lastly, disc segmentations of the sagittal and coronal

volumes had to be combined to one smooth disc representation.

This was achieved by enveloping the two segmentation results with

a smooth mesh that fit the segmentations as well as possible while

not interpenetrating with the bones or cartilage layers.

Thickness measures were performed using MESHMIXER. Thickness

was estimated using the mean distance of 50 rays distributed

around the surface normal direction to eliminate measurement

errors due to possible small overhangs of the mesh. The angle of

the rays was changed incrementally up to a 5° deviation from the

normal angle. In addition, the positioning of the disc relative to the

condyle and skull were computed and visualized using the surface

area with a mesh-to-mesh distance of < 1 mm between the disc and

the cartilage layers. For mandible measurements, the meshes were

first registered using ICP to get rid of differences in mandible posi-

tion, because the mandibular position changes during functional

movements.

Results

The image acquisition set-up yielded image volumes with

high enough resolution and contrast for the segmentation

of the temporomandibular joint disc (Fig. 2). Due to the

small slice thickness, the combined segmentations already

capture the rounded shape of the disc quite well. Still raw

segmentations were rough and manual post-processing

had to be performed to create smooth disc meshes. The

final 3D disc meshes fit the coronal and sagittal segmenta-

tions well and did not interpenetrate the cartilage surfaces

(Fig. 3).

Using the condyles segmented from the MRI images in

combination with the scanned bite blocks allowed us to suc-

cessfully translate and rotate the closed-mouth CT mandible

Table 1 Parameters for MRI sequences.

DESS coronal T1 parasag T1 paracor

FOV (mm 9 mm) 218 9 153 150 9 150 150 9 150

Number of slices 256 28 32

Slices thickness (mm) 0.5 1 1

Slices gap 0 10% 10%

Number of averages 1 3 3

TR (ms) 15.03 804 918

TE (ms) 4.18 12 12

Flip angle (deg) 18 150 150

Fat suppression Water excit. Fast – –

Acquisition matrix (pix) 384 9 269 448 9 314 448 9 314

Pixel bandwidth (Hz/pix) 169 248 248

MR acquisition type 3D 2D 2D

Voxel sizes (mm) 0.3 9 0.3 9 0.5 0.17 9 0.17 9 1.0 0.17 9 0.17 9 1.0

Total acquisition time (min s�1) 6 : 09 9 : 32 10 : 53
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to the desired jaw postures (Fig. 4). Combining the re-posi-

tioned segmented bone meshes, together with the disc

mesh, enabled the generation of high-resolution represen-

tations of the TMJ for all imaged postures (Fig. 5).

Figures 6 and 7 depict the visualization of the thickness

measurements for the right and left TMJ disc for all five

mandible positions. Using the classical sagittal categorization

of disc zones, the intermediate zone of the disc is the thin-

nest, followed by the anterior band; the posterior band is

the thickest. Looking at the meshes using a three-dimen-

sional (3D) approach, instead of sagittal slices, the thinnest

part of the disc tends to be on the lateral side of the disc. This

trend holds true for all positions as well as for the right- and

the left-side discs.

Fig. 1 Registered CT (rendered) and MRI

volumes.

a b

Fig. 2 Examples of achieved MRI image

quality: (a) coronal slice, (b) sagittal slice with

segmentation (green).

Fig. 3 Workflow of disc mesh creation. Leftmost pictures show segmentation from MRI; middle pictures show interpenetration with cartilage bor-

ders, and right pictures show the smooth final meshes in comparison with the MRI segmentation.
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For opening, protrusion and mediotrusion the disc

meshes show a mostly anterior movement with a slight lat-

eral shift. Moreover, a flattening of the disc can be

observed the further anterior it moves. This change in

roundness is accompanied by a slight elongation of the

medial-lateral direction. For laterotrusion, there seems to

rather be a medial-lateral shortening of the disc with a

slight medial movement of the disc.

Table 2 shows the measured translation of the temporo-

mandibular disc relative to the mandibular condyle (after

registration to the mandible posture) and the fossa articu-

laris, respectively. Translation was measured using the dis-

tance between the central point of the area of cartilage

that was closer to the disc than 1 mm. Figure 8 shows a

graphical representation of these results. The disc expresses

a rather large translation relative to the skull with a maxi-

mum distance of 8.3 mm, while translation relative to the

mandible was only 3 mm.

Discussion

This paper presents an investigation of in vivo changes of

mandibular as well as TMJ disc position for various mand-

ible postures. Moreover, in vivo investigation of shape

changes of the TMJ disc is possible due to the high resolu-

tion and contrast of the volumes acquired using the pre-

sented MRI protocol.

Acquisition of TMJ image volumes of sufficient fidelity

for disc and bone segmentation is a very difficult task

because of the small size of the involved structures. Hence

Fig. 4 Example of qualitative verification of

mandible position (protrusion shown) using

the scanned bite blocks (yellow, bite block;

green, articular disc; light blue, condylar

cartilage; dark blue, articular fossa cartilage).

Fig. 5 Disc and condyle position for the

different postures (Rightwards and Leftwards

describe corresponding mandible movements.

Dark blue, fossa articularis; green, disc; light

blue, condyle).
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resolution has to be high, while slice thickness should be as

small as possible, a combination that is difficult to achieve

without a substantial increase in noise, examination time

and/or loss of contrast. But taking into account that the

TMJ disc is surrounded by soft tissue structures (e.g. articular

cartilage, tendinous capsule, muscle attachments), image

contrast is an equally important factor for disc segmenta-

tion. Considering all these factors, a T1 TSE sequence was

chosen. Using a Turbo-Spin-Echo sequence enables the

researcher to speed up data acquisition or keep acquisition

time stable, while allowing for longer recovery of longitudi-

nal magnetization, leading to an improved signal-to-noise

ratio (Hennig et al. 1986). Most investigations of the TMJ

use either a proton density (PD) or T2-mapping to better

depict fluid components of the TMD and consequently bet-

ter identify tears. As this study was focused on the

morphology of the structures, we decided to use a T1

sequence, which generally speaking is better suited for

imaging anatomical outlines of the involved structures. The

high resolution and small slice thickness of the presented

sequence, which surpass all previously reported investiga-

tions of the TMJ, enable us to acquire MRI images that

allow for resolution as well as contrast levels, which, to the

best of the authors’ knowledge, have not been previously

reported for TMJ imaging.

Another difficulty while imaging the TMJ disc is its

rounded shape. Speaking in very simplified terms, the disc

sits on the condyle like a hollowed out half-sphere and

hence becomes more parallel to the sagittal and coronal

imaging plane as it moves away from the central part. In

previous literature, the disc has been imaged with quite a

large slice thickness of up to 5 mm (Karlo et al. 2012; Bae

Fig. 6 Visualization of disc thickness for the right disc from top view (gray/yellow/blue area is thinner than 1/1.5/2 mm, respectively).

Fig. 7 Visualization of disc thickness for the left disc from top view (gray/yellow/blue area is thinner than 1/1.5/2 mm, respectively).
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et al. 2016; Wurm et al. 2018), which leads to a substantial

amount of lost information. Hence, most research focused

on the central part of the disc, where the structure is mostly

perpendicular to the imaging plane. One drawback of this

procedure is that investigations of two-dimensional images

cannot fully capture the 3D change in shape (e.g. in par-

tially dislocated discs). In addition, the region of interest for

disc pathologies might, for example, lie further medially or

laterally, where sagittal two-dimensional (2D) slices cannot

fully represent the morphology of the disc. To diminish this

effect, in this investigation images were acquired using a

sequence with a slice thickness of 1 mm, which has not

been reported before for the TMJ. Additionally, images

were collected in sagittal as well as coronal direction, and

segmentation information from both volumes was com-

bined to even further increase the amount of image infor-

mation.

The workflow presented in this study results in a 3D sur-

face mesh for the structures of the TMJ. Importantly, this

enables the investigation of disc shape changes indepen-

dent of any imaging plane. Generally, the disc was thinnest

on the lateral part for all investigated jaw postures. Interest-

ingly, this lateral zone has been previously reported in the

literature to be the main site of TMJ disc perforations,

degeneration of the articulating surfaces and increased

stresses (€Oberg et al. 1971; Sava & Scutariu, 1991; Stratmann

et al. 1996; Koolstra & van Eijden, 2006; Mori et al. 2010).

This seems to be a promising route for future morphologi-

cal investigations into the onset of TMD, which could possi-

bly help to explain the occurrence of TMJ joint clicking with

an initial partial disc degeneration or dislocation in the lat-

eral part of the joint.

Another benefit of the presented approach is the visual-

ization of disc positioning. The reported findings agree

with previous literature that reports a large dorsoventral

movement of the disc with a moderate mediolateral shift

(Gallo, 2012). Moreover, the presented work enables easy

investigation of changes of disc position relative to the

mandibular condyle and the fossa articularis. The position

of the disc relative to the mandible is particularly hard to

investigate without 3D representations because the position

and orientation of the mandible changes during functional

movements and hence a spatial registration has to be per-

formed to eliminate global changes. With the presented

approach this is a simple task, fulfilled by using a basic ICP

registration of the mandible meshes, which do not change

in shape. This comparison of position is not only a valuable

tool for visualization of function but could potentially be

useful in the future to establish guidelines for the character-

ization of healthy and pathological disc displacements dur-

ing functional jaw movements.

Additionally, the high-resolution meshes enable the

investigation of TMJ disc shape changes. The disc seems to

flatten and slightly elongate in the medial-lateral direction

while moving anteriorly. For laterotrusion, a medial-lateral

shortening of the disc with a light medial movement of the

disc was observed, which might be caused by compression

of the joint during the movement. These findings agree

with previous literature on human TMJ disc shape that

reports deformations in the mediolateral directions as well

as changes in convexity for jaw opening (Gallo, 2012). Sin-

delar & Herring (2005) investigated disc shape changes in

TMJ discs of pigs, using a differential variable reluctance

transducer to measure antero-posterior strain in the lateral

aspect of the posterior and intermediate band of the TMJ

disc, and used this information to investigate deformation.

They reported elongation in the anterior-posterior direction

for opening, protrusion and contralateral movements as

well as shortening for ipsilateral and closing movements.

Unfortunately, it is hard to compare these measurements of

linear deformation of fixed locations inside the disc with

the morphological results of the presented study. Generally

speaking, a clear elongation or shortening of the medial

zone cannot be seen in the presented results. This might be

the case because the authors report deformation corre-

sponding to internal strain in the disc, which might not nec-

essarily agree with morphological changes of the 3D

surface of the disc (Sindelar & Herring, 2005).

One of the few possibilities for the examination of TMJ

loads is biomechanical computer simulations. Various mod-

els have been proposed with different levels of anatomical

accuracy of the TMJ (Koolstra & van Eijden, 2005; de Zee

et al. 2007; Hannam et al. 2008; Mori et al. 2010; Commisso

et al. 2015). These models have been used to investigate

the TMJ for various variables, such as volumetric strain

(Koolstra & van Eijden, 2006) or tensile stress (Koolstra &

Tanaka, 2009) during open–close movements. The valida-

tion of biomechanical models is a frequently discussed topic

(Hicks et al. 2015). As described above, in vivo measure-

ments of TMJ loads are not possible and standard imaging

sequences do not produce data of a quality that is feasible

for validation of TMJ disc model movement and

Table 2 Translation of the disc relative to mandibular condyle and

fossa articularis, respectively. Distances are measured from closed

mouth position.

Relative to

mandibular condyle

Relative to fossa

articularis

Right

disc (mm)

Left

disc (mm)

Right

disc (mm)

Left

disc (mm)

Protrusion 1.39 1.5 6.11 6.14

Opening 3.01 1.55 7.17 8.28

Mandible

leftwards

2.42 0.87 6.69 2.26

Mandible

rightwards

0.74 0.53 1.90 5.87

Mean distance 1.89 1.12 5.47 5.63
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deformation. The data presented in this paper enable

researchers to create a biomechanical model including high

resolution representations of all necessary structures, and,

in addition, the information on disc position and disc defor-

mation for various functional movements offers unique

possibilities for model validation.

A limitation of this study is the assumption of a uniform

thickness of the cartilage layer. Cartilage thickness has been

shown to change to some extent on the mandible as well

as temporal bone sites (Hansson et al. 1977; Singh & Deta-

more, 2009; Mirahmadi et al. 2017). The cartilage layers are

extremely thin and virtually impossible to capture using cur-

rent MRI sequences. In order to not completely neglect the

presence of articular cartilage, we decided to model a uni-

form layer with a thickness taken from the literature.

Understanding how the TMJ disc displaces and changes

shape during functional movements requires a characteriza-

tion of the surrounding bone structures, since these are

mechanically coupled. In this study, we do so by acquiring

CT imaging data and merging the data with MRI imaging

for the disc. The use of a CT scan, however, is not ideal. The

invasive nature of the scan limits the applicability of the

approach for daily clinical use, even though one single CT

suffices for any number of investigated postures and the

estimated dose of a single CT scan is low (McCollough et al.

2015). Nevertheless, the development of a completely non-

invasive workflow is a challenge we plan to tackle in the

future. Potential solutions to this problem could be desig-

nated MRI sequences for bone acquisition, such as ultra-

short-echo-time or zero-echo-time sequences (Reichert

et al. 2005; Wiesinger et al. 2016), as well as the use of a

statistical shape modeling approach for mesh deformation

(Cootes et al. 1995; Baldwin et al. 2010).

The current workflow still requires some manual segmen-

tation and processing steps. A workflow with a fully auto-

mated pipeline to minimize time as well as operator input

variances would be the ideal case. As previously discussed,

the small size of the disc as well as the surrounding soft tis-

sue structures make a fully automated workflow non-practi-

cal as of now and a further increase in image resolution as

well as contrast has to be achieved first. Nevertheless, previ-

ous literature suggests that manual disc segmentation of

MRI scans with comparably low resolution has proven to be

reliable (Al-Saleh et al. 2017b) and hence it is reasonable to

expect that the manual segmentation of the presented high

resolution scans is reliable as well.

To conclude, this paper presents a novel workflow and

measurements for the in vivo investigation of the transla-

tion and shape change of the human temporomandibular

joint for different positions, comprising all steps necessary

Fig. 8 Visualization of disc position (green area) relative to fossa articularis (dark blue) and mandibular condyle (light blue) for the right and left

disc (top view for condyle and bottom view for fossa).
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from image acquisition to mesh analysis. One of the main

contributions of this research was the definition of a high

resolution and high contrast MRI sequence that enables the

quantification of the morphology of the temporomandibu-

lar disc. Moreover, we present a straightforward mesh cre-

ation and registration pipeline that enables quite fast

model creation, especially after the first initial meshes for

the closed mouth position have been created. We show

that our results agree with previous literature and plan on

using the findings of this study in future research into the

workings of pathologies of the TMD as well as the basis for

the development of personalized biomechanical simula-

tions of the masticatory region.
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